We measured the effects of coherent motion of one set of dots on the perceived location of Gaussian envelopes formed by luminance modulation of a second set of dots. Perceived shifts in envelope location in the direction of coherent motion were obtained even when the dots forming the envelopes did not physically move in the direction of coherent motion. In such cases, perceived shifts coincided with stimulus configurations that permitted motion integration of the envelope dots with the coherently moving dots, for example, when envelope dots moved in random directions as opposed to being static. In subsequent experiments we explored the type of motion integration underlying the positional shifts obtained. We discounted the possibility that the visual system incorrectly attributes motion signals associated with coherently moving dots to envelope dots by demonstrating that positional shifts could be obtained even when the coherent dots were laterally displaced to either side of the envelope dots such that the regions occupied by the dots did not overlap. We also discounted spatio-temporal summation within the receptive fields of low-spatial-frequency motion-sensitive mechanisms by demonstrating that positional shifts persisted even when the dot displays were high-pass filtered. These results, coupled with the observation that the proportion of coherently moving dots required to produce positional shifts correlated well with global motion thresholds measured for the same dot configurations, suggests that visual processes which underlie motiondependent positional shifts are based at least in part on cooperative interactions of the type implicated in global motion. Ó
Introduction
The temporal properties of summation, persistence, and latency exhibited by the visual system (Barlow, 1958) do not translate into concomitant effects on perceived distortions of spatial extent and resolution of moving stimuli (Burr, 1980) . This suggests the involvement of compensatory processes, a proposition that is supported by various effects of stimulus motion on perceived stimulus location: (i) moving bars are perceptually displaced along their trajectories such that they appear to lead non-moving flanks that are presented stroboscopically (Nijhawan, 1994) ; (ii) stationary windows displaying local motion (e.g., stationary Gaussian envelopes formed by contrast modulation of a moving sinusoidal luminance carrier) appear shifted in the direction of their local motion content (Anstis, 1989; DeValois & DeValois, 1991) ; (iii) motion aftereffects resulting from prolonged inspection to motion are accompanied by positional shifts in the direction of illusory motion (Nishida & Johnston, 1999; Snowden, 1998) .
Positional shifts associated with motion have been attributed to temporal compensation processes such as the extrapolation of position along the motion trajectory (DeValois & DeValois, 1991; Nijhawan, 1994) , and the inhibition of persistence to achieve motion deblurring (Burr, 1980) . Alternative explanations have been based on the existence of, for example, shorter latencies for moving relative to stationary stimuli (Purushothaman, Patel, Bedell, & Ogmen, 1998; Whitney, Murakami, & Cavanagh, 2000) , eccentricity-dependent latencies in attentional processes (Baldo & Klein, 1995) , temporal delays in making spatial comparisons (Brenner & Smeets, 2000) , motion integration (averaging) Vision Research 42 (2002) [761] [762] [763] [764] [765] [766] [767] [768] [769] www.elsevier.com/locate/visres occurring after the onset of flashed stimuli (Eagleman & Sejnowski, 2000) , and a slow averaging of relative stimulus position over time (Krekelberg & Lappe, 2000) . The aim of the present research was to determine whether the underlying motion computations are limited to features undergoing motion, or whether they generalise to any feature forming the surface within which the motion occurs. We measured the effect of coherently moving dots on the perceived locations of Gaussian envelopes formed by luminance-modulated 'envelope' dots, where the envelope dots were either static or moved in random directions. In the latter condition the presence of all directions of motion ensured that no motion bias would be introduced by the envelope dots while at the same time producing conditions that have been shown in previous research to be conducive to global motion integration. Numerous experiments have demonstrated that the addition of only a few coherently moving dots can create the impression of unidirectional global motion of randomly moving dots (Scase, Braddick, & Raymond, 1996; Williams & Phillips, 1987; Williams & Sekuler, 1984) , and a neural substrate for global motion processing has been found in primate area MT (Newsome, Britten, & Movshon, 1989; Newsome & Par e e, 1988) .
To distinguish the effects of motion integration from those effects simply due to motion of parts of the luminance envelopes, we compared the magnitude of positional shifts when the luminance of coherently moving dots was correlated or uncorrelated with that of the luminance of the envelopes (in the former case coherently moving dots were envelope-type dots; in the latter case coherently moving dots were not envelope-type dots), and also tested positional shifts when envelope dots were static.
To pre-empt the results, we obtain effects of coherent motion on perceived envelope position that are dependent on the motion properties of the envelope dots, consistent with motion integration of envelope and coherently moving dots. With regards to the type of motion integration involved we discount the possibility that the visual system incorrectly attributes the motion signals associated with coherently moving dots to envelope dots by showing that positional shifts occur even when the coherently moving dots are laterally displaced to either side of the envelope dots, and we also discount spatio-temporal summation within the receptive fields of low-spatial-frequency motion-sensitive mechanisms by showing that the positional shifts occur even when the dot fields are high-pass filtered. By measuring the effects of coherent dot motion on the perceived global motion of all the dots together we provide evidence that the underlying factor is the degree to which envelope dots are perceived to coalesce, that is, undergo global motion, with the coherently moving dots.
General methods

Apparatus
Stimuli were presented on a 21'' EIZO high-resolution monochrome monitor gamma corrected to 32,000 grey levels (from 0 to 55cd m À2 ) via a Visionworks TM calibration system. These stimuli were generated by a Cambridge Research Systems TM CRS2/3F board, which was controlled by custom-written C-programs based on Visionworks TM graphics routines.
Subjects
The two authors and three na€ ı ıve observers participated in the experiments. All had normal or correctedto-normal visual acuity.
Stimuli
Envelope dots and coherently moving dots superimposed (Experiments 1 and 2)
Three vertically aligned 2:54°Â 0:89°horizontal rectangular apertures of 0 cd m À2 , separated vertically by 0:21°, each displayed 200 dots of 1:7 Â 1:7 min dimensions (at the viewing distance of 1.5 m). Trials consisted of 20 discrete motion frames each of 38 ms duration. For dots that moved, discrete steps of 3.33 min were made per frame and each dot had a lifetime of two frames. That is, for any given frame half the dots appeared in a random location while the other half moved a single step from their location in the previous frame.
In individual blocks a proportion of the dots were made 'envelope' dots, that is, their luminance (between 14 and 55 cd m À2 ) was selected from a Gaussian distribution according to their horizontal location within the rectangular aperture: LðxÞ ¼ ð0:75 expðÀx 2 =½2r 2 ÞÞ þ 0:25, where r ¼ 16:6 min. In most experiments envelope dots were either stationary (i.e., they remained in their random starting locations for all 20 motion frames of a particular trial), or moved in random directions (i.e., selected with equal probability from 360°of possible directions). When moving, the luminance of these dots was re-calculated for each frame according to their new positions; that is, they did not bring their luminance with them as they made their single motion step.
The remaining proportion of dots were made to coherently move to the left or right. These dots, which were of the same dimensions as the envelope dots, had their direction (for each pair of motion frames) randomly selected from motion distributions of 0 AE 5°( right) or 180 AE 5°(left). In Experiment 1 coherently moving dots also formed part of the luminance envelope, in which case their luminance was determined on the basis of their horizontal location within the rectangular aperture according to the Gaussian function de-scribed above. In Experiment 2 the coherently moving dots did not form part of the luminance envelope, in which case their luminance was selected from a random horizontal location along the Gaussian function, with the difference in luminance between the first and second member of the dot pair determined by their horizontal distance from each other relative to the randomly chosen starting location. This ensured the same average motion energy irrespective of the number of 'nonenvelope' coherently moving dots present in the display.
In both experiments, when any moving dot attempted to cross the boundary of its rectangular aperture it was removed and replaced in a new random location. A static depiction of the creation of a typical stimulus is provided in Fig. 1 .
Experiments were also conducted to measure the detectability of global motion for each envelope-pluscoherently moving combination. Stimulus dimensions were identical to the experiments on perceived position with the exception that the luminance of all dots was selected randomly from the Gaussian distribution in the manner described earlier in this section (i.e., no dots 'carried' the luminance envelope).
Envelope dots and coherently moving dots spatially separated (Experiment 3)
A fixed number (30) of envelope dots of 2:5 Â 2:5 min occupied a central circular aperture defined by luminance modulation of the dots according to the following formula: 0:5 þ 0:5 expðÀr 8 =ð2r 8 ÞÞ, where r is the distance from the centre of the aperture, and r ¼ 16:6 min (with quasi-sharp borders determined by use of an exponent of 8). The direction of motion of each of these dots was chosen randomly for each frame from a 360°d istribution (note, as the dots moved their luminance was updated in accordance with their new distance from the centre of the aperture, as defined by the formula given above). A variable number of coherently moving dots (also 2:5 Â 2:5 min) occupied each of two circular apertures defined by luminance modulation of the dots (according to the same formula), with the apertures displaced laterally by AE0.79°to the left and right of the central (envelope) aperture. In each trial the direction of motion of these dots was chosen randomly to be either 0°(right) or 180°(left). Note that envelope dots and coherently moving dots possessed identical luminance (i.e., 'envelope') characteristics; they were distinguished only spatially, that is, on the basis of whether they occupied the central (with randomly moving envelope dots) or lateral (with coherently moving dots) apertures.
Preliminary observations indicated very weak motion interactions between envelope dots and coherently moving dots. To enhance effects the lifetime of dots was made equal to the total number of motion frames (20) employed. This process effectively doubled the number of dots undergoing motion in each frame relative to Experiments 1 and 2. In each trial the envelope dots were divided into five equal groups, with the dots in each group made to change their direction once every five frames (the new direction of each of these dots was always chosen randomly from a 360°distribution). That is, one group of the dots changed direction on frames n, n þ 5, n þ 10, . . ., another group on frames n þ 1, n þ 6, n þ 11, . . ., etc.
Envelope dots and coherently moving dots high-pass filtered
These stimuli were constructed in the manner as described in Section 2.3.1 except that (i) the dots were 8:7 Â 8:7 min at the 1 m viewing distance employed (the apertures were 3:7°Â 1:3°horizontal rectangles), (ii) in each block 56 envelope dots were combined with one of either 10, 15, 25, or 40 coherently moving dots, (iii) the lifetime of individual dots was equal to the total number of motion frames (i.e., 20 rather than 2), (iv) rather than employing a Gaussian function to define the luminance of envelope dots as a function of their horizontal position a cosine Gabor function was employed: LðxÞ ¼ 0:5 expðÀx 2 =½2r 2 Þ cosð2pxf Þ þ 0:5, where r ¼ 37:4 min and f ¼ 0:48 cpd, and (v) the coherently moving dots (these did not form part of the envelope) were set at constant luminance of LðxÞ ¼ 0:6.
Most significantly, each motion frame containing envelope and coherently moving dots was filtered using a high-pass filter (created in frequency space) with a cutoff at 9.62 cpd and a Butterworth response profile ðafter the method of Smith, Snowden, and Milne (1994) Þ. As a result the dot stimuli were of high-spatialfrequency and the luminance envelope described in Section 2.3.1 was actually a contrast envelope scaled to 100% Michelson.
Procedure
Each trial consisted of 20 frames displaying a combination of coherently moving dots and envelope dots within three rectangular apertures. For the stimuli composed of envelope dots superimposed on coherently moving dots (Experiments 1 and 2), the percentage of coherently moving dots in each block was either 5, 10, 20, or 40%. For the spatially separated stimuli (Experiment 3) the number of envelope (i.e., central) dots was kept constant (at 30) and the number of coherently moving dots in each lateral aperture was either 3 (10% of envelope dots), 15 (50% of envelope dots), or 30 (100% of envelope dots). For the stimuli composed of envelope and coherently moving dots that were high-pass filtered (Experiment 4), the percentage of coherently moving dots in each block was either 11.1%, 15.8%, 23.8%, or 33.3% of the total.
In particular trials individual coherently moving dots had their motion direction randomly selected from distributions either 0°AE 5°(left) or 180°AE 5°(right), while individual envelope dots either had their motion direction randomly selected from 360°distributions or were static in which case each envelope dot occupied the same random location throughout the trial.
Irrespective of stimulus configuration each trial required observers to use button presses of a computer response box to report the perceived location (left versus right) of the global, luminance-defined envelope of the central region. In the case of the superimposed-dot conditions (Experiments 1, 2, and 4), alignment responses were made relative to the positions of envelopes in the rectangular regions located above and below the central region. In these conditions the overall horizontal position of the three vertically separated envelopes was randomly jittered in each trial by AE0.21°from the centre of the apertures. In the case of the laterally separated aperture conditions (Experiment 3), alignment responses to the central (envelope) aperture were made relative to four stationary and aligned black squares (1:1 Â 1:1 min) displayed above, below, to the left, and to the right of the centre of the display at a distance of 1:4°from the centre. To discourage observers from simply bisecting the lateral apertures containing coherently moving dots, the horizontal position of the lateral apertures was jittered in each trial AE0.83°along the horizontal axis.
In all experiments alignment settings were determined according to an adaptive maximum-likelihood procedure (the Best PEST; Pentland, 1980) . Each block of 60 trials consisted of two independent, randomly interleaved PEST staircases of 30 trials each where one staircase contained central coherently moving dots moving leftwards while the second staircase contained central coherently moving dots moving rightwards. No feedback was provided. Observers were practiced on conditions until thresholds stabilised.
Additional blocks of trials were conducted to measure the detection threshold for global motion. In these blocks the observers were required to indicate the perceived left/right direction of 200 dots in a single rectangular aperture (the central aperture from Experiments 1 and 2) where a variable percentage were coherently moving dots while the remainder were randomly moving dots. The Best PEST procedure was used to estimate the percentage of coherently moving dots required to achieve 75% correct direction discrimination performance.
In all experiments no fixation point was provided to observers as the central region of the display was always occupied by a stimulus. However, observers were instructed to maintain fixation on the approximate centre of the central stimulus in all experiments. As pointed out by an anonymous reviewer, using Gabor patches with fixed envelopes and moving sinewave carriers DeValois and DeValois (1991) reported that eccentricity is positively related to the magnitude of motion-induced po-sitional shifts. It follows that the perceived envelope misalignments obtained in our Experiments 1, 2, and 4, might be due to a greater extent on positional shifts occurring within the envelopes of the upper and lower apertures (of greater eccentricity) of our stimuli relative to the envelope of the central aperture (essentially foveal). This would have the overall effect of underestimating our positional shifts. We did not, however, test for eccentricity-dependent effects in the present experiments.
Results
Experiment 1: static versus moving envelope dots superimposed on coherently moving dots
In Experiment 1 we superimposed envelope dots on coherently moving dots and made the luminance of the coherently moving dots correlate with the envelope dots such that they too 'carried' the envelope. The envelope dots were either static or made to move individually in random directions.
The perceived location of the central luminancemodulated envelope relative to those of the outer apertures was defined to be (l L À l R Þ=2, where l L (l R ) is the mean of the alignment settings when direction of motion the coherently moving dots in the central aperture is left or right, respectively. This removed any left/right response biases. In Fig. 2 the alignment settings are plotted as a function of the percentage of coherently moving dots present, for both static and randomly moving envelope dot conditions. Inspection of the figure shows that only small effects on perceived location of envelopes 'carried' by static dots were obtained as the percentage of coherently moving dots increased from 5% to 40%. In these conditions observers reported perceiving two distinct surfaces: a stationary surface of dots defining the envelope, and a moving surfaced formed from the coherently moving dots. However, with randomly moving envelope dots effects of coherently moving dots on perceived envelope location were obtained. These positional shifts were in the direction of coherent motion and both observers reported that in such cases the envelope and coherently moving dots appeared to move as a single surface.
Experiment 2: static versus moving envelope dots superimposed on 'non-envelope' coherently moving dots
In Experiment 1 the coherently moving dots served also to carry the luminance envelope. That is, the luminance of coherently moving dots was determined according to the same Gaussian distribution as the envelope dots. Therefore, shifts in envelope position could be attributed to motion of some proportion of the dots forming the envelope. This is unlikely in part because effects were obtained even with very few coherently moving dots (10% for A.M., and 20% for N.P.), and also because almost no effects were obtained when envelope dots were made static. Nevertheless, to test this important alternative explanation we made the luminance of the coherently moving dots independent of the luminance of the envelope dots.
We were concerned, however, that in this condition the introduction of coherently moving dots that did not 'carry' the envelope would reduce the visibility of envelopes. Therefore, to provide an appropriate control for this condition we ran a second condition (a variant of Experiment 1) in which, for every coherently moving dot that was introduced an envelope dot, while retaining its motion properties (i.e., random motion), had its luminance uncorrelated with the envelope such that it no longer 'carried' the envelope (its luminance was selected from a random location within the Gaussian distribution). This served to keep constant across conditions the total number and proportion of dots that carried the envelope.
The results shown in Fig. 3 demonstrate that a small proportion of coherently moving dots can shift the perceived location of luminance envelopes even when they do not form part of the envelope. However, the figure also shows that this effect is not as large as was obtained when coherently moving dots did form part of the envelope (cf. Experiment 1). It is reasonable to suppose that the greater effect size in Experiment 1 was due to actual motion of components of the envelope.
As with Experiment 1 observers reported that envelope and coherently moving dots appeared to move as a single surface (in the direction of coherent motion). To confirm this observation we conducted an experiment to estimate the percentage of coherently moving dots required to discriminate the direction of global motion at 75% correct. For observers A.M., N.P., N.W., and D.V. this was 22.2% (AE1.08), 23:4% ðAE0:88Þ, 25.43% (1.46), and 26:25% ðAE1:56Þ, respectively.
2 For observer K.N., who participated only in Experiment 4, this value was 20:29% ðAE1:06Þ.
Experiment 3: positional shifts are not due to 'scrambling' of motion signals
In this experiment we considered the possibility that the motion integration evident in the above results is due to the visual system incorrectly attributing the motion signals associated with coherently moving dots to envelope dots. This motion 'scrambling' explanation proposes that some degree of neural noise is associated with combining luminance and motion information. We tested this explanation by spatially segregating coherently moving dots and randomly moving envelope dots. To do this we placed the envelope dots in a central circular (rather than rectangular) aperture and placed the coherently moving dots in two circular apertures displaced laterally by AE0.79°. The intention was to eliminate the opportunity for motion scrambling.
The results shown in Fig. 4 reveal that the central apertures containing randomly moving dots were positionally shifted in the direction of coherent motion displayed in the lateral apertures. As found in the previous experiments, the magnitude of the positional shifts generally increased with increasing number of coherently moving dots present. To explain the present results on the basis of motion scrambling one would need to propose that the scrambling involved occurs over distances that are on average 19 times greater than the size of the dots in question. The results thus argue against such an explanation. It is important to note that the overall magnitude of the positional shifts were greatly reduced relative to those obtained in the previous experiments. Presumably, this reflects the fact that in these previous experiments coherently moving dots and envelope dots occupied the same region of space, thereby facilitating processes of motion integration. In addition, the present experiment required alignment of envelope dots of the central aperture with four stationary reference squares, whereas the previous experiments required alignment with envelope dots of apertures above and below the central aperture. The coherently moving dots in the vertically displaced apertures were in the opposite direction to those of the central aperture thereby doubling estimates of effect size relative to the present experiment.
3.4. Experiment 4: positional shifts are not due to motion detection at a coarse spatial scale.
Global motion percepts are thought to occur as the result of a two-stage process in which local motions are first extracted and then integrated spatially (Williams & Phillips, 1987; Williams & Sekuler, 1984; Smith & Curran, 2000) . We propose that it is processes of this sort that underlie the results of our experiments. The idea is that random motions of envelope dots are integrated with motion of coherent dots into a global, unambiguous, and unidirectional motion signal that affects the position of the dots as a whole. As is considered in more detail in the discussion, if this explanation holds it would suggest that positional distortions resulting from motion occur at least as high in the visual system as the computation of global motion. However, it is also possible that our results are simply due to summation of motion signals associated with both envelope and coherently moving dots within the large receptive fields of low-spatial-frequency motionsensitive mechanisms. Just such an explanation of global motion was discounted by Smith et al. (1994) who showed that global motion percepts were robust to highpass filtering that eliminated low-spatial-frequency (i.e., coarse) information.
To decide between the two explanations of our positional shifts, we applied Smith et al.'s method to our stimuli. Aside from the filtering of stimuli, the experiment was essentially a replication of experiment 2: that is, with the randomly moving envelope dots superimposed on coherently moving dots that do not 'carry' the envelope. One of the previous observers (N.W.) was unable to discern the high frequency, contrast-defined envelopes of the upper and lower apertures and could thus not perform the envelope alignment task. This observer was replaced with observer K.N. who first received substantial training on the alignment task using these filtered stimuli. The results shown in Fig. 5 clearly demonstrate effects on envelope position that are related to the direction and number of coherently moving dots present. This effect cannot be explained on the basis of motion-sensitive mechanisms that operate over a coarse spatial scale. These results are, however, consistent with the operation of global motion processes.
Discussion
The observation that moving objects appear to be shifted along their trajectories has been taken as evidence of processes that compensate for the temporal distortions introduced by the visual system. A common assumption is that these processes are limited to coherent motion from which accurate trajectories can be computed, and thus are not applicable to motion that is unpredictable, for example, with stimuli that appear briefly and/or move in random directions. Our results call into question this assumption in that luminance envelopes formed from randomly moving dots were shown to undergo positional shifts even when the coherent motion present in the displays did not form part of the envelopes. This effect coincided with the degree to which the randomly moving envelope dots were perceived to coalesce with coherently moving dots (an observation consistent with global motion thresholds), suggesting that the underlying factor is the integration of envelope dots and coherently moving dots. The critical findings in support of this proposition were that positional shifts (as well as the subjective appearance of global motion) occurred even when the dot stimuli were high-pass filtered, and even when randomly moving envelope dots were spatially separated from coherently moving dots.
Recently, Whitney et al. (2000) conducted a series of 'flash-lag' type experiments to evaluate some of the main models of temporal compensation listed in the introduction. To test the spatial extrapolation hypothesis they introduced sudden unpredictable changes to stimulus velocity. They reported shifts in the perceived location of the stimulus that were closer to actual rather than extrapolated trajectories. Furthermore, they discounted inhibition of persistence (deblurring) as an explanation since masking the stimuli, which should have disrupted this compensatory strategy, failed to do so. However, a simple explanation based on shorter latencies for processing coherently moving (rather than flashed, or otherwise unpredictable) stimuli was consistent with their results. A similar conclusion was reached by Purushothaman et al. (1998) who showed that positional shifts were proportional to the difference in detectability of the moving versus flashed components as determined by their relative luminance.
Such an explanation cannot be applied in a simple manner to our results since, in our experiments, both randomly moving envelope dots and coherently moving 'non-envelope' dots had identical local motion characteristics such as speed, step size, and lifespan. Although one could propose that a temporal processing advantage is afforded to coherently moving dots on the basis of their relative uniformity of motion, this overlooks the fact that all dots in Experiments 1 and 2 possessed single-step (i.e., two-frame) lifetimes, thus raising the question of how the visual system 'knows' in advance which dots belong to the direction of coherent motion. One possible answer is that the visual system simply does not 'know'; that calculations concerning the predictability of motion trajectories, and the consequences of these calculations on processing latencies, are determined over several motion steps and then applied to all dots undergoing motion even if their physical direction of motion is not in the coherent direction. Such calculations could be implemented by visual processes involved in global motion (e.g., by neurones of MT/V5).
The evidence for a role for global motion in position judgements suggests a contribution to motion-position effects from integrative processes of the type typically attributed to area MT/V5 (Newsome & Par e e, 1988) . Although to our knowledge there has been no previous research on the effects of global motion on perceived location, there has been ample research on its effects on perceived direction. In this respect, the interesting properties of global motion are (i) the sensitivity of underlying motion processes (only a small percent of coherently moving dots is required to induce global motion percepts from otherwise random noise) and (ii) the breadth of directional integration involved (global percepts can be produced with restricted directional distributions up to about 250° (Williams & Sekuler, 1984) ). These properties of sensitivity and breadth would account for our finding that positional effects were produced with only a small percent of coherent local motion (<20% or <10% if one considers that only half the coherent dots in our experiments underwent motion in any particular frame) on luminance envelopes that were represented by the full 360°range of directions.
Two classes of motion phenomena other than global motion might also be of relevance. These are distinguished on the basis of whether the perceived motion of a target stimulus is in the opposite direction of the motion of its background ('induced' motion; Post, Shupert, & Leibowitz, 1984) or in the same direction as the motion of its background (motion 'capture' or 'assimilation'; Ramachandran, 1986 Ramachandran, , 1987 . Recent evidence suggests that neurones with centre-surround, direction-opponent receptive fields might explain both of these effects. Evidence for this comes from the finding that motion induction of a stationary central stimulus by surrounding stimulus motion turns into motion capture as the size of the stimulus region is decreased (Murakami & Shimojo, 1993 . This is consistent with the proposition that with large stimulus configurations motion stimulates the surround region of direction-opponent neurones whereas with smaller stimulus configurations only the central region is stimulated. Neurones with properties consistent with this explanation have been identified in area MT (Allman, Miezin, & McGuinness, 1985) , an area implicated in global-motion processing in general (Newsome & Par e e, 1988) . Since in our Experiments 1, 2, and 4, envelope dots and coherently moving dots were uniformly distributed over the same area, our stimuli most closely resemble the motion capture configurations of Murakami and Shimojo (1993) , and in fact the positional shifts we obtained were in the direction of global motion capture. This was true even when coherently moving and envelope dots were separated spatially (Experiment 3), and our effects here are consistent with the facilitative induction processes described previously (Ido, Ohtani, & Ejima, 1997 .
In summary, we provide evidence that motioninduced shifts in perceived location are not limited to objects undergoing coherent local motion, but also include objects with random local trajectories that are integrated to form global motion percepts. Thus our results suggest that the visual processes that relate motion information and information about relative position do not operate solely at the level of features but also involve a contribution from processes that take into account the motion of surfaces.
